Summary: Research on HIV infection and sexual behaviour in sub-Saharan Africa typically focuses on individuals aged 15 -49 years under the assumption that both become less relevant for older individuals. We test this assumption using data from rural Malawi to compare sexual behaviour and HIV infection for individuals aged 15-49 with individuals aged 50 -64 and 65 and over years. Although general declines with age were observed, levels of sexual activity and HIV remained considerable: 26.7% and 73.8% of women and men aged 65þ reported having sex in the last year, respectively; men's average number of sexual partners remained above one; and HIV prevalence is significantly higher for men aged 50-64 (8.9%) than men aged 15 -49 (4.1%). We conclude that older populations are relevant to studies of sexual behaviour and HIV risk. Their importance is likely to increase as access to antiretrovirals in Africa increases. We recommend inclusion of adults aged over 49 years in African HIV/AIDS research and prevention efforts.
INTRODUCTION
Although HIV prevalence data in sub-Saharan Africa (SSA) are typically presented only for individuals aged 15-49 years, recent research indicates that the level of HIV infection in populations over 50 is likely to be not insubstantial. 1, 2 This is expected to reflect both the survival of adults infected earlier in life, and HIV infection acquired later in life. In addition to current levels of HIV infection at older ages, the increasing availability of antiretroviral therapy (ART) in SSA is expected to further increase prevalence. Despite the importance of HIV infection among older adults, with a few exceptions, 3 -7 research and policy related to the HIV epidemic in SSA continues to focus primarily on adults aged 15 -49 and children infected during birth or via breastfeeding, in part reflecting the availability of data. Large sample population-based data on older adults' HIV prevalence or HIV risk behaviour in high prevalence settings like SSA have generally been lacking.
The small body of research in SSA suggests that levels and nature of sexual activity probably do not vary dramatically by age. Data from five cohorts in Uganda, Zimbabwe and South Africa indicates that the majority of men and a considerable minority of women aged 50-65 years remained sexually active. 8 Data from 'older old' adults in south-western Nigeria shows that around a quarter of adults aged 65 -102 had extra-marital sex at least once since turning 65. 9 Furthermore, several studies have shown that older adults are less likely to use condoms than younger age groups. 9, 10 Using survey data collected across nine sites in west, east and southern Africa, Negin et al. 5 identified lower awareness and knowledge of HIV prevention measures among adults over 50 than those aged 25-49 years, mirroring findings using Demographic and Health Survey (DHS) data for men aged 50-64 from 39 counties in the region, 11 and the findings of earlier qualitative research among older men and women. 3, 4, 7 Data collected from older adults living in two urban slums in Kenya's capital city identified low levels of perceived infection risk, especially among women. 12 Efforts to prevent further new infection among adults in midand later life will require information about both, age patterns of HIV prevalence and sexual behaviour, the most likely mode of HIV transmission. Very few studies, however, have considered HIV infection or the extent and nature of sexual activity after age 49 years in this region. Of those that have, most have limitations. For example, many use relatively small sample sizes of older populations, 13, 14 which reduces statistical power. Others are limited to 'younger old' populations aged 50-65. 8 Finally, several studies use indirect estimates of HIV infection (such as projections or verbal autopsy and case report data 15, 16 ) rather than actual HIV biomarkers. In this research, we contribute to the sparse literature on HIV risk for populations over 50 years old in SSA by examining HIV prevalence, risk behaviour and risk perception for older men and women living in Malawi. In doing so, we address many of the limitations of previous research. We use rich data from rural Malawi (with substantial sample size aged 65 and over) and several measures of HIV infection and risk. 17 -19 The MLSFH study was approved by the University of Pennsylvania, and by the National Health Sciences Research Committee in Malawi.
METHODS
Several features of MLSFH make the data well-suited for our analysis. First, in 2008 MLSFH added a sample of approximately 800 parents of MLSFH respondents, many of which are aged over 49. To draw this sample, MLSFH asked respondents in 2006 to list characteristics of their parents, which MLSFH used in 2008 to include all parents who resided in a MLSFH sample village. In addition to this sample of parents, a substantial percentage of the original 1998 MLSFH sample is now aged over 49. Furthermore, the 2010 MLSFH survey contains extensive data on sexual behaviour and HIV infection. The survey refusal rate was less than 3% in all waves. Therefore, the large MLSFH sample of all-age adults, with no upper age limit, provides a rare opportunity to investigate HIV infection and sexual behaviour in older populations in SSA. Background characteristics for the sample are presented in Table 1 .
It is important to note that the MLSFH sample was not designed to be representative of rural Malawi. Despite this, comparisons of MLSFH sample characteristics of the rural population with nationally representative Malawi Demographic and Health Surveys (MDHS) showed that basic characteristics of MLSFH respondents closely matched the rural population in MDHS. 19 Due to sample age restrictions of MDHS (which includes only women aged 15 -49 and men aged , the elderly population of interest in this paper was not compared with the MDHS rural population.
ANALYSIS
We conduct our analysis in three steps. First, we examine whether there are differences by age group in HIV prevalence, risk behaviours and perceptions. We use chi-squared and t-tests to compare HIV prevalence, sexual behaviour and HIV risk perception for (1) men and women aged 15 -49 years with those aged 50-64 and (2) those aged 65 and older.
Secondly, we run multivariate regressions to identify differences in sexual behaviour, while controlling for background characteristics, like marital status, region of residence and level of education. Specific dependent variables include HIV prevalence, recent sexual activity, number of sexual partners, suspected spousal sexual partners and worry of HIV infection. To measure differences by age group, we include a three-category age variable in which age 15-49 is the reference category, and ages (1) 50-64 and (2) 65 and older are each compared with ages 15 -49. Finally, in addition to examining differences in HIV prevalence and sexual behaviour by age group, we use nonparametric weighted regressions to show patterns by age. These regressions smooth the sexual behaviours and HIV prevalence over the ages included in the MLSFH survey, facilitating a better understanding of age patterns and the identification of populations relevant for HIV and sexual behaviour data collection on this basis.
RESULTS
As shown in Table 1 , the age structure of the MLSFH sample includes a substantial proportion of individuals over age 49. Approximately one-third of men and women are aged 50 years or older (n ¼ 1157), and 12% (n ¼ 256) of women and 14% (n ¼ 209) of men are 65 years or older. There are few differences in age structure by gender (not shown here): slightly more women are 30 -39 years old, and more men are 50 years and older. Fifty-six percent of women aged 50þ were currently married compared with 86% of younger women, and 93% of men aged 50þ were currently married compared with 84% of younger men.
The overall HIV prevalence for respondents interviewed in 2010 was approximately 6.1%; 7.0% (n ¼ 104) for women and 4.7% (n ¼ 46) of men tested HIV-positive. Since MLSFH did Freeman and Anglewicz. HIV and sexual behaviour at older age in Malawi not collect HIV biomarkers in 2010, we use 2008 HIV biomarkers in this analysis. This limitation is not expected to dramatically affect our results, since previous analysis found that the HIV incidence rate among MLSFH respondents was very low (0.7 per 100 person years). 20 As a result, using the 2008 MLSFH HIV data is likely to lead to a small underestimate of HIV prevalence in this population. Finally, since individuals with HIV aged 50 and older may have been infected before age 50, this research considers HIV prevalence rather than incidence. Not all respondents in the sample were tested for HIV in 2008. Due to refusals and some respondents not found in 2008 but found in 2010, 68% of women (n ¼ 1481) and 64% of men (n ¼ 985) in the sample were tested for HIV.
DIFFERENCES IN HIV PREVALENCE, SEXUAL BEHAVIOUR AND PERCEPTIONS BY AGE
Bivariate results in Table 2 (a) show important differences by gender in age patterns of HIV prevalence. While HIV prevalence is higher among women aged 15-49 (8.3%) than women age 50 to 64 (5.4%), the difference is not significant at the (P , 0.10 level). HIV prevalence is significantly higher for men aged between 50 and 64 than those aged between 15 and 49 (8.9% compared with 4.1%). HIV prevalence is, however, significantly lower for both men and women aged 65 and older than individuals of reproductive ages .
Both men and women reported declines in sexual activity by age. Individuals aged 50 and older are less likely to have had sex in the past 12 months than individuals aged 15-49. Almost half of the female sample (n ¼ 192) reported having recent sex at ages 50 -64 and just over a quarter reported recent sex at ages 65 and older (n ¼ 68). For men, 83.8% (n ¼ 255) reported recent sex at ages 50 -64 and almost three quarters reported recent sex at ages 65 and older (n ¼ 154). There were no significant differences in the number of sexual partners between men aged 15-49 and 50-64, but women aged 50-64 generally had fewer sexual partners than those aged 15-49. Both men and women aged 65 and older generally had fewer sexual partners than those aged 15-49. The likelihood of having more than one sexual partner did not significantly differ by age group. Women were less likely to have multiple sexual partners than men: 1.1% and 0.4% of women aged 50-64 and 65þ had two or more sexual partners, and 21.8% and 14.1% of men aged 50 -64 and 65þ had two or more sexual partners.
In addition to reporting their number of sexual partners in the past year, respondents were asked to estimate the number of sexual partners their spouse had in the past year. There are few significant differences in suspected number of spouse's partners between men and women aged 15 -49 and those aged 50-64. Men and women aged 65 and older, however, did suspect significantly fewer spousal partners than adults aged 15 -49. Men and women over 50 are additionally less worried about HIV infection than those aged 15-49 years.
Multivariate results (Table 2 (b)) comparing individuals aged 50-64 and 65 and older with the population aged 15 -49 (controlling for level of education, marital status and region of residence) are largely similar to the bivariate results above. HIV prevalence is significantly lower for women in the older age groups than the 15 -49 age group (0.47 at 50-64 and 0.07 at 65þ), but is significantly higher among men aged 50 -64 than men aged 15 -49 (2.01). Older men and women in rural Malawi were less likely to have had sex in the past year, were less worried about HIV infection, had fewer sexual partners in the past year (with the exception of men aged 50-64), and those aged 65 and older suspected that their spouse had fewer partners in the past year. Similarly, there were no significant differences in self-reported multiple sexual partnerships by age group. Therefore, the differences in HIV prevalence and sexual behaviour persist even after controlling for the fact that older Malawians are less likely to be currently married.
HIV PREVALENCE, SEXUAL BEHAVIOUR AND RISK PERCEPTION OVER THE LIFE COURSE
Next, we present more detailed age patterns of sexual behaviour and HIV prevalence for rural Malawians. To do so, we discuss results for the non-parametric graphs of sexual behaviour by age and gender. Figure 1 has six panels that display HIV infection and risk behaviour by each age included in the sample.
Panel 1 in Figure 1 shows the likelihood of HIV infection over each age for women and men. As the results above suggest, there are different patterns for men and women. Likelihood of HIV infection for women peaks in the early 30s and declines steadily thereafter. For men the greatest likelihood of HIV infection is more than 10 years later, and does not decline until the mid-50s. For both men and women, likelihood of HIV infection remains considerable over age 50.
Several differences in sexual activity by gender are shown in Panels 2 and 3. Women are more likely than men to be sexually active and have a partner at ages 15 -24, likely to reflect that men are typically older than women at age of first marriage. 21 The likelihood of having sex and the number of partners in the past 12 months declines with age, beginning around age 30 for women, but not until age 40 for men. Men's later age at marriage is again likely to account for this. Finally, the levels of sexual activity are higher for men by age 30 and remain higher. This is likely to reflect the greater likelihood of men being married and women being widowed or divorced in older age in this sample. It is important to point out that, although declines in sexual activity are evident over age 50, levels of activity remain considerable over age 49 for both men and women.
Panel 5 shows the smoothed likelihood of reporting multiple sexual partners across all ages. For men, the reporting of multiple sexual partnerships reaches a peak around age 40 and then declines with age. For women, reporting of multiple sexual partnerships remains almost constant after age [15] [16] [17] [18] [19] . The number of women who report having multiple sexual partners is much lower than the number of men reporting having had multiple sexual partners.
Since many of the men and women in the MLSFH sample are married to others in the sample, 21 Worry about HIV infection declines for both men and women across the ages included in the sample but the decline is more pronounced among women (Panel 6). For women, worry about HIV infection is greatest at age 15 -19 and declines steadily from age 20, in contrast to actual likelihood of HIV infection which does not decrease until around mid-30. For men, HIV worry declines very gradually until the early 60s when it plateaus.
DISCUSSION
Our analysis of data collected from older Malawians shows that while HIV prevalence among both men and women declines at older old ages, the level of HIV infection after the typical 15-49 focus of HIV data collection remains considerable. Among men, likelihood of HIV in fact increases in the following 15 years. Prevalence of HIV among men aged 50-64 is 8.9% (compared with 4.1% among 15-49 year olds) and among women is 5.4% (compared with 8.3% among 15-49-year olds). This means that the population routinely excluded from data collection and prevention efforts contributes 43.5% and 16.3% of the male and female HIV disease burden in this sample.
This study is one of the first to collect HIV data for adults over 50 in a population-based survey. It reinforces and expands upon the limited number of previous estimates based on smaller samples and extrapolation by contributing robust, disaggregated data and building a more detailed picture of prevalence across Africa. Like the data presented here, these previous studies have identified considerable HIV prevalence at older ages and generally higher prevalence among older men than older women. A study in Cameroon in 2002 found prevalence of 2.7% among women and 2.5% among men aged 55 -70, compared with 7.1% and 5.9% at ages 15-54. 13 A study of north-western Ethiopia in 2004 found prevalence of 4.7% among women and 5.6% among men aged 50þ, compared with only slightly lower prevalence of 6.3% among men and women aged 15 -49 obtained by national sentinel surveillance. 14 More recently, Negin and Cumming 11 produced estimates of HIV at 50þ calculated from DHS, AIDS Indicators Survey and other population-based surveys for 43 SSA countries. They found HIV among men and women over 49 was 4%, compared with 5% at ages 15-49, accounting for 14.3% of infections. Using Malawian data, they derive estimates of HIV prevalence among men and women at 50þ of 12.7%, compared with 11.9% of 15 -49. Although the age pattern of infection mirrors those presented here, the discrepancy in magnitude of infection reflects the inclusion of both rural and urban residents and weighting of the sample in the DHS on which their extrapolations are based. Nevertheless, their calculations of the contribution of HIV at older ages to the total HIV burden are similar to those presented here in highlighting the importance of HIV at 50þ. They find HIV at 50þ accounted for 18.6% of all infections, compared with the 32.7% of all infections identified here (see Table 1 ). Therefore, although limited, both studies point to the need for the inclusion of adults aged beyond reproductive ages in the collection of HIV data.
HIV infection at older ages is an important public health concern, for several reasons. Data from high-income countries indicate that HIV infected adults aged over 49 have poorer prognoses than their younger counterparts. For example, older adults in Europe are typically diagnosed with HIV later than younger adults, with much lower CD4 cell counts. 22 -24 There is evidence to suggest this pattern of late diagnosis at older ages is likely to be mirrored in SSA settings. 3, 5, 25 The time of diagnosis is critical: older late presenters are substantially more likely to die within a year of diagnosis than older adults who are not diagnosed late or younger late presenters. 26 Recent research in South Africa found that adults initiating treatment after age 49 were significantly more likely to die than adults initiating before aged 50, but that these differences were only evident in the first year of treatment, underlining the need for increased HIV testing, early ART initial and improved clinical care for older adults in SSA settings. 27 In addition, developed country data indicate a high prevalence of HIV-related illnesses among adults over 49 years living with HIV. Studies have identified elevated cases of metabolic syndrome 28 and reduced bone mass density 29 among older infected adults, and compared with younger infected adults, higher risks of extra-pyramidal motor signs, 30 developing AIDS dementia complex, 23, 31 wasting syndrome and of presenting multiple AIDS-defining illnesses. 23 Older infected adults also experience higher rates of many non-AIDS-related illness than younger infected adults or older uninfected adults. 24,32 -38 In SSA, a recent study in Uganda found higher mortality among HIV-infected adults over 59 than younger adults after controlling for baseline CD4 cell count and time of ART initiation, also suggesting the need for clinical care beyond HIV treatment for these patients. 39 In all settings, but particularly resource-poor settings, these factors make the management of HIV infection more complicated at older ages. Already overwhelmed health systems in SSA will struggle to provide the necessary geriatric care for HIV-infected adults, particularly at facilities in rural areas where the majority of older adults live. 40 Effective prevention of further HIV infection among the older population requires information about sexual behaviour after childbearing. The level of sexual activity reported by MLSFH respondents declines steadily at older ages, but again remains considerable, particularly for men. Approximately half of women and almost 85% of men aged 50 -64 reported having had sex in the year prior to the survey, as did one quarter of women and three quarters of men over age 64. This is in line with data from Uganda, Zimbabwe and South Africa for adults aged 50 -60 41 but extends analysis to a wider age range. The sexual activity respondents are most likely to report is within marriage. Previous research has shown that the majority of HIV transmission takes place within marriage. 42, 43 Given sexual activity, as indicated here by reports of sex in the past year, remains considerable at older ages, and the average number of sexual partners in the past year for men remains above one until around aged 80 (likely representing sexual networks in which HIV can be transmitted), HIV risk from multiple sexual partners remains at older ages. Indeed, although these data indicate that women were aware of their spouses' additional sexual partners ( perhaps even over-estimating their number), there is no evidence in these data to suggest that sexual activity within marriage was affected, and there is evidence from elsewhere that condom use is especially hard to navigate within marital partnerships. 44, 45 Our data mirror previous findings regarding gender differences in perceptions of HIV risk at older age. However, the relatively high proportion (16%) of men and smaller proportion (8%) of women aged over 64 reported being 'very worried' about HIV infection, is greater than found in prior research in urban Kenya. 12 This level of worry is likely to in part reflect the nature of the sample: respondents were asked a number of questions about HIV, offered HIV testing by the MLSFH, exposed to regular HIV prevention messages by government and non-government actors in the field sites and were therefore repeatedly informed about the risk of HIV infection. However, considered alongside respondents' reports of their spouses' sexual partners, and older men's self-reported number of partners, their reports of being worried about HIV infection are also likely to indicate known or suspected HIV risk behaviours.
The importance of including adults aged beyond 49 in research on sexual behaviour and HIV prevalence in SSA is expected to grow in the future. As access to HIV antiretroviral drugs spreads throughout SSA, it is likely that HIV-positive individuals will live to older ages. As a result, the sexual behaviour of older individuals may be of increasing significance in determining the future of the HIV/AIDS epidemic in SSA.
Our study also challenges the view that sexual behaviour and HIV data collection is difficult at older ages. 46 -48 We demonstrate that in Malawi questions about sexuality and HIV testing can be offered in population-based studies without the risk of high non-response bias. This is consistent with previous findings in Thailand 49 and therefore suggests that this may be the case in a number of quite different settings. This, coupled with our findings of considerable levels of HIV infection and sexual activity among older Malawians, suggests that individuals aged beyond 49 should and can be included in HIV/ AIDS research and prevention efforts in SSA.
